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Nature Reserve

ZHANG Jintang', PAN Zhili', TIAN Yunhai', HOU Jialan', PENG Mingchun®, DUAN Hexiang’, LI Yunfang®,
LI Yongping" *

1 Academy of Resource Plant, Yunnan University, Kunming 650091, China

2 School of Ecology and Environmental Science, Yunnan University, Kunming 650091, China

3 Yunnan Institute of Environmental Science, Kunming 650034, China

4 Management and Protection Bureaw of Yunnan Yunlong Tianchi National Nature Reserve, Yunlong 672700, China

Abstract ; Pinus yunnanensis is an endemic tree species in Southwest China. P. yunnanensis forest is a typical representative
of warm coniferous forest, mainly distributed in the central Yunnan plateau. Whether P. yunnanensis populations can self—
renew or not will affect the vegetation dynamics in central Yunnan. Clarifying the structure and dynamics of undisturbed

P. yunnanensis populations is an important basis for studying the sustainable development of P. yunnanensis forests. The
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P. yunnanensis forest in the Yunlong Tianchi Nature Reserve in Yunnan Province is a relatively pristine forest without
human interference. In this study, the static life table, survival curve, survival function curve and spectral analysis of
P. yunnanensis natural populations were analyzed in Yunlong Tianchi Nature Reserve. The results demonstrated that the age
structure of P. yunnanensis in Yunlong Tianchi National Nature Reserve was inverted J—type, the dynamic index of
was 28.29% , the dynamic index of population age structure in the presence

and V',

i

population age structure change in quantity Vpi

of external disturbance V', was 1.77%, the population dynamic index V, were both greater than 0, and the

pi
probability of the population assuming risk under external disturbance was P, 6.25%. The above results indicated that the
P. yunnanensis population is a growing population structure with some resistance to disturbance. Furthermore, the
P. yunnanensis population had a survival curve tending to the type of Deevey-1I, and the survival analysis found that the
survival rate, cumulative mortality rate, mortality density and hazard rate varied greatly from 1 to VI age classes ( diameter
at breast height<35 cm) , and stabilized from VI to XVI age classes ( diameter at breast height 35—80 c¢m). The spectral
analysis exhibited that the population dynamics of P. yunnanensis followed one major trend, and the Il age class ( diameter
at breast height 10—15 cm) was the main stage affecting the population size. The above resulis reveal that the number of
individuals in the lower age classes of P. yunnanensis populations in the Yunlong Tianchi Nature Reserve fluctuates greatly,
with more individuals dying and the upper age classes declining. It is suggested that the young and middle—aged natural
P. yunnanensis forests in the Yunlong Tianchi Nature Reserve can be nurtured and intercut to promote their population
growth, development and renewal. Based on all these results, the population of P. yunnanensis was found to remain

sustainable in the long term, although it fluctuates in the middle and lower ages.
Key Words: Pinus yunnanensis; static life table; age class structure; survival curve; survival analysis; spectral analysis
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(LURFRS o le R AP X7 ) o TR 4E R 13.2°C A AR KR 815.5 mm Zidy 4k
4 2100.0—3638.9 m, T LIFREEN F= . LRI XN I == i AA MR P28 /0 B 1 A TR AR RIE A i A8 1L P
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IKELLAK ( Viburnum cylindricum ) | 8 A faf ( Schima argentea ) . 1145 ( Populus davidiana ) | # & ¥ Bk ( Cerasus
patentipila) LT3R (Vaccinium fragile) Vi FGH) T ( Cotoneaster franchetii) .4 228k ( Hypericum monogynum) B3
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WL, XTI E > 1.3 m w10 H 42 ( diameter at breast height, DBH) 4 &5 ; X T 55
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Table 1 Basic information of P. yunnanensis forest plots

. e Wi Y Jt4 R s PA B2
] i Wlm o WEE/CO) BE/C0) . -
. Slope Slope Northern East Canopy
Quadrat Plot area Elevation Aspect Slope o . . .
position surface latitude longitude density
'T'ﬁ?ﬂi 20 m x 50 m 2571 VG 243 21 h i 25°52'20.820" 99 °17'13.680" 0.80
Middle-aged stand
—
T 20 m x 50 m 2530 K7 152 36 i i 25°52'9.012" 99°16'21.468" 0.80
Near-mature stand
2
el 20 m X 50 m 2464 &K 107 7 T F 25°50'56.634" 99°16'20.021" 0.75
Mature stand
LAY
AR 20mx50m 2649 7L 313 2 i - 25°52'34.907"  99°16'40.847" 0.80

Over-mature stand
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Fig.1 Size class structure of P. yunnanensis population

I :DBH (54%, diameter at breast height) <5 cm; II ;5 em < DBH<
10 em; ;10 em<DBH<15 c¢m; V15 em<DBH<20 cm; V ;20 cm
<DBH<25 cm; VI:25 em<DBH<30 c¢m; VI;:30 em<DBH<35 cm;
VIl .35 em<DBH<40 c¢m;IX :40 em<DBH<45 cm; X :45 cm<DBH
<50 em; XI:50 cm<DBH<55 cm; XI[:55 cm < DBH<60 cm; XIII; 60
em<DBH<65 em;XIV:65 cm<DBH<70 ¢m;XV:70 cm<DBH<75
em; XVI:75 em<<DBH<80 cm
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JEBERL T BB T ShSH8E V' N 1.77%,V, K0 V' KT 0, R = s AA RN K BB RESS . Pl
6.25% %W = Mg FA P IE BAT — 5 P ILRE S
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Table 2 Dynamic indices of P. yunnanensis population

[ eSS4 IR EUE % i/ RiRFsh S8 %L AR %
Age class Dynamic index Dynamic index value Age class Dynamic index Dynamic index value
I v, ~80.89 X Vi 42.86
il V, 29.30 XI Vi -20.00
i Vs 58.56 XI Viy 20.00
v v, 2.17 XIII Vis 100.00
Vv Vs 46.67 XIV Vig -100.00
VI Vs 417 XV Vis 50.00
VI v, 56.52 V., 28.29
Vil Vs 40.00 V', 1.77
X Ve ~14.29 P 6.25

Vi—Vis KASR I BB Bh A28 K quantitative dynamics index of adjacent age class; Vpi W i G e PO 1= quantitative dynamics index
of population; V'pi AN R R S S ARk e Sk quantitative dynamics index of population by external interference; P, : Fit AL T 412 XSG ARE 2 A%

KA the maximum of probability in random disturbance

22 EEEAanE
BE WA % (BTN, 2= P AN A e Ab FRUS OAE TR B (a, ™ ) FIRRUEALAE TR B (L) BTN (32 3) o = EgAARRAERY

K3 ZERTEHSES

Table 3 Static life table of P. yunnanensis population

B HWJZ:/ cm ?ﬂ'ﬁhﬁ/ cm . V
Age class Diameter at Mid-value o a, L, W, d, ¢ LT, e K s,
breast height of class

I 0—5 2.5 30 141 1000 6.908 298 0.298 851 2911 2911 0.354 0.702
I 5—10 75 157 99 702 6.554 298 0.424 553 2060 2.934  0.552 0.576
| 10—15 12.5 111 57 404 6.002 78 0.193 365 1507 3.728  0.214 0.807
I\ 15—20 17.5 46 46 326 5.788 7 0.022 323 1142 3.500  0.022 0.978
\ 20—25 22.5 45 45 319 5.766 149 0.467 245 819 2.567  0.629 0.533
Vi 25—30 27.5 24 24 170 5.137 7 0.042 167 574 3375 0.043 0.958
Vi 30—35 325 23 23 163 5.094 92 0.565 117 408 2.500  0.833 0.435
VI 35—40 37.5 10 10 71 4.262 14 0.200 64 291 4.100  0.223 0.800
X 40—45 42.5 6 8 57 4.038 7 0.125 53 227 4.000 0.134 0.875
X 45—50 475 7 7 50 3.905 7 0.143 46 174 3.500  0.154 0.857
XI 50—55 52.5 4 6 43 3.751 7 0.167 39 128 3.000 0.182 0.833
XI 55—60 57.5 5 5 35 3.568 7 0.200 32 89 2.500  0.223 0.800
XIIT 60—65 62.5 4 4 28 3.345 7 0.250 25 57 2.000  0.288 0.750
XIV 65—70 67.5 0 3 21 3.058 7 0.333 18 32 1.500  0.405 0.667
XV 70—75 72.5 2 2 14 2.652 7 0.500 11 14 1.000  0.693 0.500
XVI 75—80 71.5 1 1 7 1.959 7 1.000 4 4 0.500  1.959 —

a o BSGNRIAR IR ARSI individual number of age class x5 a, ;5 W AL 35 I FE 1 4L the correction value of a,; 1, : bRifE LA 1 M A%L standardized survivors
number; Inl,, : FREFCTERG MAKLHY H R the natural logarithm of £, ; d, . A48 8% 4 5] B39 P BRS ACBR M AL SE T4 the standardized number of death individuals from age
class x to age class x + 1;q, : AIAFIEZMIFEI M A ARFET 2 mortality from age class x to age class x+1;L,; I x 7EA x+1 F25 15 BB 1A 7735 B9 AMAL the number
of surviving individuals from age class x to age class x + 1; T, :x BSZRFNE I « SAGUAYMEA A EEL the total individuals number of age class v and age class elder than xse,:

HEA x WBGEAE AR AT IR life expectancy of individuals in the age class x5 K, : TH2R % vanish rate; S, fFG% survival rate
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FET 3 (q,) FITHR R (K,) S T %P I BE IS I8 N ShASRRAE , SET SR ATH JORIE S T — VIR AP e K
BB, 2 T SV SE VIR I T, SR T3 RN 2% 8 SE IXUA ST U |, Bifi 5 I 20 ) 38 hnaze i i <
FEEE XV IS R KA, ZE AR (e, ) OB & B4 S0 A RR AN R IE 2 LR AERE T, 25 B ARV AE A 0 2R i
BRI 3 MBS AR VL B IXR TS 2, S VII—X VT 851749 A A S SR TR W AT, 465 XV I 2 Ak A s B
Tl o FETRH(S,) 15 T 58 V RS VIS ARG, 439014 0.576 ,0.533 1 0.435, 7565 IX—XV k90 ], 7775
R WY 2 1) 1 BN

2.3 AR

25 i RATRIREA7T06 1l 2 2 0Bl 1% 08 T T R A
B(E2) . 5 V—VIIEg K VIS T R 3 ok,
1A 13.33% M = R BE NS V IR 28 1 i R85 0 31 15
SV, W VIR Z )5, = BRI RE TG th £k
TV,

AE MR A BRI R R, 8 R B F (H
(264.547) e A 2B R(0.975) ¥R T oL ek B0 F 14
(48.326) MAHE R B R(0.881) (% 4), Wik, =k
AR IX 1 25 P AR R T 4 6] T Deevey- Il 2 (4 £ 2% 2 RWEMEERLL
H1) . Deevey- 1A = A (B, B, B IEAD) 452 Fig.2 Survival curve of P. yunnanensis population
Bl 2 afDUE iz AAE 2 s T H A ) B WAL R
WG AE I B G 2= 2 I 2, I LA MR G AT O 22 50 K

DDA AN A
coocoocoocooocoo
— )

The natural logarithm of /x

FRUEALAEIE A B B AARTEL Inix

~EEErSEERXEREEZEE

A% Age class

R4 TFEHENSERE

Table 4 Survival curve fitting model

-1 1 2% Survival curve a A ZE Fitting mode =46 1tting result

TFI% H 28 Survival IAHY Fitting model PIA4E R Fitting resul F R
Deevey- I N, = Nye ™ N, =7.823¢ 0072 264.547 0.975
Deevey- Il N, =Nyx~" N, =8.997x0-3! 48.326 0.881

N, 518G x W NAFTEEL the correction value of a, ; Ny FFHEIE A IR AE 15 5L number of surviving individuals in the early formation stage

of population

2.4 A5

2 A PA IR AE AR B S DG KM BRI, BT T R B G KB W K (K 3) o 78 T — VIR, B 77
TR BTIET- AR, I—XVI R AAFRFET- e TRE (B 3) . 8 T IR A% 0 0.702, 55 VI
IR AR Z 0.071 ;55 1 #3200 BiFAET-% 8 0.298, )45 IR GRS 4 0.929, 45 VI—XVI #3428 =1
FAFRHE A AL AL BT R G 22, KA B T 25 2E AR I T A6 T, AR S B IR AR AE , VAR Z By
BRI E AR B B B

Ml 4 RTAL, =R AP IERBET B AR S T — VIR AP AE B o)), Z IR BT RRRRAR . FER R S RS 58
[— VI G e S VII—XVI IS8 K 2818 . 28 T, s PP BESR I — VLI 2 A RS AR A2, JET - AT RE R 5%
R FPREAARE DD S VII—X VI R RER RS, X S E A e A0 IR B s SRR 1Y
2.5 §%4rHr

T AT S W, PR 2 I T/ () R g, o 0 A Bk, U B = R AR R IRE Y LA B i KR
(F25) . RN IR EEAS B BT A, 26 = M A PP Al sh S A0 ik 2 B 32 AR W2 RRAE Tl

AN, = A FIERR T 32 BRI Ah R B Tk T B AN R Bl B AR Ay, A X
) JEV 3 R A R 176, 48R 5 x 16/6=13.3 cm , X 4R 2 ; A XoF o7 14) JE 30 R S A JRT 3 1 178, 42 Ay
5 x 16/8=10 cm, WX M, 7] UL, 25 M (H4E 10—15 cm) 2 5E00 = A PRI Sh i EZL M B
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1.200 —— AfFER — BHETR 1200
=~ 1.000 | +—4 1.000 gé
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& £ 0800 | 1{ 0.800 §§

< q 2 5
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B3 ZEMMBEEFRAHS()MRITFHTREL F(i) #E

Fig.3 Survival rate S(i) and cumulative mortality rate F (i) functional curve of P. yunnanensis population

0.450 —— FETHE R 1 0.450

f=1
W
W
(=}

Hazard rate

BFETEE £ (1)
Mortality density
FEREE A1)

I I I IVv V VI Vil IX X XI XI X XIV XV XVI
WAk Age class

El4 ZEMMBRTZES(y) MBEE () Lk

Fig.4 Mortality density f(¢;) and hazard rate A(¢;) functional curve of P. yunnanensis population

®5 mENFENERERE
Table 5 Periodic fluctuation of P. yunnanensis population
1% Harmonic A, A, Ay Ay As Ag A, Ag
PRIF{E Amplitude value 1.613 0.836 0.552 0.205 0.147 0.341 0.209 0.291
Ay FEPARIE fundamental amplitude; A, —Ag : £ W IRIE amplitude of each harmonic

3 i

e R A RO DX 25 B FA AR A A7 I 25 M R A R G TRURI A, R 10 A I A T AR Sy ) W ol A
SRR . — B B R BRRRE] J 20 AR RE SR R A 2 AR Th s B AA R R M AR R 4
JB T ) BRI X 5 BN R Tang S5 RFTESE R — B, MM EECR SRR Y, A Y R T
0, WRIZ = FHEE T REME, & R Z AR N D EXANREU RIS iR 1, il
TR Ty ORI R RS 2L R IR, s ATE A GRS S B RRAE AR KR R R BRI
o FAA T LASE S AR AR SRR, L REAE Jbe s 4l 2 I, R AR R B RN A
HON EABITERIRE DT AT AEAT 2R B AR ANERARAAT (. argentea) | [HJRARA AEAE DT HH A ZIRHAX 30
BRBEEIAE 20 m LUT, DGR BUR BUR AL AR T = pa b, Al UL, 2= R AR R R AR I 254 D 3 B, B 7 (2
B MR A S BER

IR M A SRR DX 25 R AL PR L R B L AR 2 A0 IR B B s R SR T R AR i, S B AR A
e ACTE MM AAAF o R R ] = B AR RREAE S | — VIR A B W R i 5l Jd 2 335 20 B it — 20 1
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